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Olivia Pepe-Phelps and Jacqueline Rock

With the increase of devastating fires around the United States, particularly in California,
knowledge of fire engineering and how to design structures for fire resistance is crucial. The
ARCE undergraduate program doesn’t cover fire engineering, although it is an important
life-safety consideration to investigate. This senior project bridged structural engineering and fire
engineering through an analysis of the Brock Commons building at the University of British
Columbia in Vancouver. The project was a case study that focused on the analysis and design
of members for gravity loads pre-fire, and then considered char rates and structural integrity
after-fire. A comparison between mass timber products and their char-rates and typical fire rated
assemblies was done as well, with the help of ARCE faculty and professional fire engineers.

Brock Commons Building, UBC Vancouver
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The use of Cross Laminated Timber (CLT) is rapidly growing in design and construction
practices throughout the United States and Canada. It was first used in the late 1980’s in
Europe, and since then has been implemented largely by places such as Austria, Germany, and
Scandinavia. More recently, the CLT craze has spread to Canada, New Zealand, and the United
States. CLT is seen as an effective building material since it is a renewable resource, is lighter,
prefabricated, and costs less. Prefabrication decreases on-site waste, and allows for a smaller
construction crew as well as quick installment. The lightweight panels decrease foundation sizes
compared to a concrete structure, which further minimizes costs.

Companies spearheading CLT production as well as innovative uses for CLT are
companies such as Nordic Structures, Structurlam, and Katerra. The photo below shows
Eastside Office, a structure being built in Portland, Oregon with exclusively CLT floors. It is not
often that a new building material becomes widely accepted. Currently, Washington and Oregon
are working to pass legislation that would require structures 12 stories or lower be considered
for design as a mass timber structure. CLT is particularly being pursued in the Pacific Northwest
due to the high availability of timber in those states.

Eastside Office, Portland, Oregon
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Construction of Brock Commons Building

In terms of considering seismicity issues, many companies have been experimenting
with rocking walls, composed primarily of CLT. These walls dissipate energy and can be used
as the main lateral force resisting system of a structure. However, most CLT structures being
built today include other lateral systems in addition to the rocking walls. Tests that were
conducted at the UCSD shake table in 2017 showed the rocking walls to be highly effective
when resisting earthquake simulations. During an earthquake, the wall “rocks” back and forth
and the use of “Toe Jams” at the wall edges allow energy to be dissipated from the structure,
while also providing a quick, simple solution of replacing them post earthquake. The dissipation
of energy into the jams has shown to keep the panels virtually undamaged after earthquake
simulations. Once the shaking has stopped, the toe jams slide out from under the wall corners
and can be replaced within minutes. With many companies pursuing sustainable building
design, CLT provides a practical solution.
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Rocking Wall Simulation at UCSD

The UBC Vancouver campus also houses an 8-story CLT building, which held the
previous title as tallest CLT structure in the world. Brock Commons is a student housing building
built in 2017. It is currently the tallest mass-timber building in the world, standing 18 stories tall.
The structure demonstrates the practicality of using CLT as a structural element, as well as the
ease of constructibility and lower cost. CLT was originally chosen to be used to reflect UBC’s
commitment to sustainability. Although the structure is primarily CLT, concrete was used to
construct the first floor as well as the two elevator shafts. These concrete core elevator shafts
act as the lateral-force resisting system. CLT is especially beneficial because of it’s efficient
construction. The mass timber construction was completed in under 70 days, with only a crew of
nine people. They chose to use two different glulam column sizes throughout the building, one
column size was designed for floors 2-9, and another column size was designed for floors
10-18.
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In order to create a load take-off for our gravity design, photos of the Brock Commons
interior were used. These showed a suspended ceiling and carpet finishing on the floors.
Furthermore, since the structure is residential with corridors, 80 pounds per square feet could
be used as the live load on each floor.

Brock Commons Interior

Brock Commons Interior
A common concern that people have with timber structures is that the structure will burn
more readily. Although fire is a valid concern, mass timber is surprisingly fire-resistive. Mass
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timber has a natural, fire-resisting char, which allows it to be designed to eliminate the need for
added fire-rated assemblies. Brock Commons relied on the CLT’s charring ability for fire
protection, but also included acoustic concrete topping on the CLT floors to help fireproof the
structure as a “belt and suspenders” system. Some other measures were taken to reduce risk of
fire, including that the electrical feeds for the building were routed through the concrete cores,
rather than the CLT, to eliminate the possibility of a fire starting inside the CLT itself.

Beam Exposure

Timber vs. Structural Steel Post Fire
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The previous photo shows a comparison between mass timber and structural steel after
fire. When mass timber is exposed to fire it will char and create its own natural fireproofing. As
the fire burns, hydrogen and oxygen are removed from the material, leaving carbon behind. On
the other hand, steel loses strength quickly due to its high thermal conductivity, which means
steel structures must have fire-rated assemblies applied to their members. Understanding char
and char rates is a fundamental part of timber and fire design. The photo on the right shows
how the cross section of a timber member would be reduced during a fire. The three sided
exposure is typical for a floor beam, and the four sided exposure is commonly used when
designing columns.

Brock Commons Approximate Floor Plan Used to Size Members

The architectural plans of Brock Commons were used to create a structural floor plan for
this project, and videos of the construction were used to see how each element was pieced
together. It is important to note that there were no glulam beams used in the floor structure,
since the CLT eliminated the need for those members. From this structural plan, a lightwood
frame plan was created in order to see the comparison between a CLT layout compared to
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typical beams and girders. To have a baseline for the CLT design, the building was analyzed for
gravity as if it had been designed as stick framing as well.

Two Hour Fire Rated Assembly

The project goal was to prove why CLT was a viable option for a high rise structure
under fire when stick framing was not. As expected, the lightframe members were large in size
and also in quantity. In order to provide adequate fire resistance for the stick-frame design,
gypsum board would have been necessary on the walls and ceilings. In typical light-wood
framed construction, CSI Mastercode allows one layer of ⅝” gypsum to be applied on each side
of the assembly per hour of fire protection. A cost analysis was conducted to see what
additional fire-proofing would be necessary if the mass timber char had not been used as the
fire-proofing system, and found that in order to cover the Brock Commons structure with gypsum
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for 1.5 hr protection, it would cost approximately $360,000 for the materials and on-site
construction required. When considering this, the Brock Commons Fire Engineer cut costs
considerably by minimizing extra fireproofing materials applied to the CLT.

Straight-Line Approximation Method

Cross-Section Used for AFPA Formula Calculations

Without fireproofing, it was necessary to calculate how the CLT was going to perform.
There are two ways to calculate char depth. The char depth can be found using a straight line
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approximation method or can be calculated using an equation.The straight line approximation
determines depth of char from the amount of time the fire has been applied to the member. The
other way to calculate char depth is by using an AFPA equation, which was found in the CLT
Handbook Chapter 8. For the equation, the variables used to determine char depth are shown
on the cross section of the member in the photo above. When calculating char depth, the
equation for char depth was used in order to check the accuracy of the straight-line
approximation method. The values from the graph and the calculations were identical for 1 Hour
and within a 7% margin of error for 2 Hour fire resistance.

Brock Commons Under Construction

For the Glulam Char design, the design process began with a number of assumptions.
First, the glulam columns were considered to be loaded solely axially for compression. The fire
load combination of 1.0D + 0.2L allowed for a considerable reduction in initial member sizes.
For the char depth, the straight line approximation was used and fire was assumed on four
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sides, which was a simplified approach because it disregards the heat gradient along the
column. Two typical columns were sized, one at a lower floor and one at an upper floor, as
shown in the photo. The columns were designed for 1 Hour and 2 Hour fire resistance. These
calculations were dependant on the number of laminations and the cross sectional area after
char was considered.

One Hour Fire Resistance
Member

UBC Actual Sizes

Gravity Sizes

Fire Sizes

Floor 2

10.43 in x 10.43 in

8.75 in x 10.5 in

10.75 in x 13.5 in

Floor 9

8.46 in x 10.43 in

6.75 in x 10.5 in

8.75 in x 13.5 in

Two Hour Fire Resistance
Member

UBC Actual Sizes

Gravity Sizes

Fire Sizes

Floor 2

10.43 in x 10.43 in

8.75 in x 10.5 in

12.25 in x 21 in

Floor 9

8.46 in x 10.43 in

6.75 in x 10.5 in

12.25 in x 16.5 in

The glulam columns were designed for gravity loads, and the sizes were found to be
fairly similar to what was used at Brock Commons. When evaluating the column sizes for a 1
Hour and 2 Hour fire, it was evident that the cross sections were highly insufficient to account
for the loads applied due to fire. After one hour, each column went up one size in width, and
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lengthened to 13.5 inches. After two hours, both columns became 12.25 inches wide, and
lengthened even further, to 16.5 inches on the 9th floor, and 21 inches on the 2nd floor.

Photos show that many columns at Brock Commons are encapsulated in drywall,
meaning that instead of relying on char rates, they chose to provide a fire rated assembly for the
columns. However, there are also photos showing un-covered columns, and it is unclear if those
are on top floors or why those were deemed “acceptable” to be exposed.

Major vs. Minor Strength Axis of CLT

UBC had three different lengths of CLT, but only used one thickness. They had one
span, two span, and three span length CLT panels. For the three span length all the layups in
CLT Handbook were structurally insufficient to carry the gravity loads. For this reason, the
design instead focused on two spans, which was able to meet the strength requirements with
5-ply. Similarly, UBC also used 5-ply CLT. However, the deflection check made 7-ply
necessary. For the project design, only layup options provided in the CLT Handbook were used,
however at Brock Commons they could have used a 5-ply that had thicker layers, therefore
making it able to meet deflection requirements.
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CLT Fire Loading

For the fire design it was important to consider the minor and major strength axis of the
CLT. The CLT Handbook allowed for the consideration of the minor strength axis as zero, or
30% of the major strength axis. Conservatively, the minor strength axis was taken as zero. Still,
the capacity of the panel far exceeded it’s demand, with a capacity over demand ratio of 2.1
after two hours. The capacity was surprisingly high, however it is this way because the code
allows an increase of 2.85 to the capacity if the loads applied are not changed. The 2.85 is a
strength adjustment factor that comes from the NDS.

The codes used in the design of this project included ASCE 7-10, NDS 2015 with Glulam
design using NDS. Due to the fact that the CLT chapter of the NDS is not very developed, the
CLT Handbook chapter 2 (structural) and chapter 8 (fire) were used for the CLT design.
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Easy Installation of Facade at UBC Brock Commons

In conclusion, this project was a successful analysis of the CLT used at the Brock
Commons building, and proved the viability of CLT as a building material. This investigation was
accurate for both gravity and fire, finding comparable sizes to the actual member sizes used.
CLT brings the sustainability of timber construction to high occupancy structures where
lightwood frame can’t. It was concluded that CLT is less expensive and more efficient for
construction than using a typical fire rated assembly. However, other mass timber materials
such as glulam columns are less effective without fire-rated assemblies. Overall, CLT is a way
to have exposed structural system that is as beautiful as it is fire resistant.
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APPENDIX
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Gravity Calculations
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